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An optical fiber connector (31) includes first and second optical fiber contacts each of which have an end face (22) thereof 
which forms a small angle with a plane which is orthogonal to a longitudinal axis of optical fibers being aligned. The small angle 
IS chosen such that substantiaUy all of any refiected signal at the optical fiber interface will not be transmitted back to a source 
generating optical signals for the optical fibers so as to reduce interference at the optical fiber source. A material of a body of the 
optical fiber contacts is made of a material harder than that of the optical fibers being connected so as to substantially reduce an 
amount of skill and attention required in grinding an end face of the optical fiber after it is disposed within a bore (29) of the opt- 
ical fiber contact body (21) so as to resuh in a craft friendly installation. 



* See back of page 



• 




DESIGNATIONS Of^ "DE" 

Until further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3, 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
fomner German Democratic-Republic. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MC 


Monaco 


AU 


Australia 


Fl 


Finland 


MC 


Madagascar 


BB 


Barbados 


FR 


Francu 


ML 


Mali 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BF 


Burkina Passo 


GB 


Unitud Kingjdom 


MW 


Malawi 


BG 


Bulgaria 


GR 


Greece 


NL 


Netherlands 


BJ 


Benin 


HU 


Hungary 


NO 


Norway 


BR 


Brazil 


IT 


luly 


PL 


Poland 


CA 


Canada 


JP 


Japan 


RO 


Romania 


CF 


Central African KcpubKc 


KP 


Democratic Pcoplc*s Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Swilzcrlund 


KR 


Republic or Korea 


SN 


Senegal 


CM 


(^meroon 


LI 


Uechlenslcin 


5U 


Soviet Union 


DE 


Germany 


LK 


Sri Unka 


TO 


Chad 


OK 


Dcnmarlt 


LU 


Luxumbourg 


TC 


Togo 








US 


United States of America 



wo 91/02994 



PCr/US90/0465a 



Optical Fiber Connector Which Provides 
a High Signal Return Loss 

5 The present invention relates to an optical fiber connector 

which is capable of providing a relatively high signal return loss 
and a relatively low transmission loss for an optical fiber 
connection. 

10 Optical fiber connections in optical fiber systems are 

generally required to have a relatively low signal loss thereat. 
These connectors used in high-speed single-mode fiber systems 
also require high return loss in order to avoid instability or noise 
in a light source, which is caused by its reflected light. To this end, 

15 it is an accepted practice to polish ends of optical fibers to be 
connected so as to have planar or slightly convex surfaces which 
are substantially normal to longitudinal axes of the fibers, and 
urge the polished optical fiber ends together. One such prior art 
construction is illustrated in FIG 1 wherein each optical fiber 

20 contact 1, 2 has a substantially convex end face 3, 4, with optical 
fibers 5, 6 being disposed within first and second longitudinal 
bores of the first and second contacts 1, 2 respectively. Various 
materials, e.g. ceramic, metal, glass, have been used for the optical 
fiber contact bodies in order to ensure that the substantially 

25 perpendicular ends 7, 8 of the first and second optical fibers can 
be formed at apexes of convex end faces 3, 4 by polishing to 
ensure an accurate mating gap-free interface therebetween. 
Though connectors utilizing such contacts do exhibit acceptable 
low loss connections and relatively high return loss, problems 

30 with such connectors include a craft sensitive fiber end polishing 
process and performance degradation caused by small dirt or dust 
particles between two contacting fiber end faces, Also due to the 
relatively high stress exerted on the fiber surfaces, these 
connectors may not function properly in harsh environments 

35 which experience high vibration or extreme temperatures. 
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To alleviate this problem, a connector referred to by Radiall 
Corporation as an OPTABALL DF SERIES System has been 
proposed. This optical fiber contact includes' a metal material 
5 which has a yet to be ground metal end face prior to fiber 
insertion in the contact. A glass optical fiber is then disposed 
within a bore of the optical fiber contact such that its end 
protrudes from the preground contact end face, and then the fiber 
end and the metal end face are polished and ground until the end 

10 of the fiber is coplanar with the ground and polished contact end 
face and slanted at an angle. The fiber end and the metal contact 
end face thus become, substantially slanted relative to a 
longitudinal axis of the fiber, and hence back reflections at the 
connection are not transmitted to a signal light source generator 

15 since the back reflections have an initial angle of reverse 
propagation which exceeds a critical acceptance angle for the 
fiber. Though this solution does minimize a magnitude of signals 
reflected at the connection interface, in practice it is difficult to 
accurately form the slanted end of the optical fiber and the metal 

20 contact end face conveniently, especially in field installation 
environments. Hence, this solution is not very craft friendly in 
practice. 

It is an object of the invention to eliminate the above-noted 
25 drawbacks of the prior art and to. provide an optical fiber 
connection which provides a relatively high signal return loss and 
which is user friendly to implement. A particular aspect of the 
invention is to provide a contact yet to be used in terminating an 
optical fiber which has an end face which is slanted and which is 
30 made of a material which is harder than that of the fiber so as to 
render a fiber polishing operation simple and craft friendly in the 
field. 
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This and other objects of the invention are achieved by an 
optical fiber contact, comprising: 

an optical fiber including a glass core surrounded by a glass 
5 cladding; / 6 

an optical fiber contact having an end face which is 
substantially flat and which is inclined by several degrees 
from a plane orthogonal to a longitudinal axis of a portion of 
10 the fiber within the contact, the optical fiber portion being 

disposed within a longitudinal bore within the contact the 
contact end face being made of a material having a hardness 
greater than that of the optical fiber, an end of the optical 
fiber being substantially coplanar with the contact end face 
the inclination being an amount sufficient to significantly 
reduce a magnitude of a back reflected signal created when 
the contact is mated with another optical element. 

20 m^Hnf^ ^ '""ff" having 
20 mating convex end face profiles; 

FIG 2 illustrates a first preferred embodiment of the 
invention and illustrates a preferred optical fiber contact; 

25 FIG 3 illustrates a preferred contact connector according to 

the invention; ^ 

FIG 4 illustrates an interim assembly step of assembling a 
contact according to the invention; and 

30 

FIG 5 illustrates a preferred tool for polishing an end of an 
optical fiber terminated by a contact according to the invention. 
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.4. 

FIG 2 illustrates a first preferred embodiment of the 
invention. Referring to this figure, an optical fiber contact 21 has 
an end face 22 which is substantially flat and which' is inclined by 
several degrees relative to a longitudinal axis of a central 
5 longitudinal bore 29 which accommodates an optical fiber 23 
therein. Preferably, the optical fiber includes a cylindrical glass 
core surrounded by a cylindrical glass cladding, the glass 
preferably comprising Si02v a material of a body of the optical 
fiber contact 21 being made of a material having a hardness 

10 greater than that of the optical fiber glass. Preferred materials 
comprise or consist essentially of ceramics. An angle of inclination 
of the end face 22 relative to a plane 24 which is normal to the 
bore longitudinal axis is preferably between 3° and 12®, more 
preferably between 5° and 10®, e.g. 8®, the precise angle to be 

15 used being governed by several design considerations, one of 
which is the minimum angle required so that substantially all 
reflected light from an end 28 of the fiber exceeds a critical 
acceptance angle of the fiber so that the reflected light is not 
guided by the fiber core in a back reflection direction but is rather 

20 refracted into the fiber cladding and dissipated thereby. 

The contact body 21 further includes a cylindrical ring 26 
therearound which has a keying tab 27 formed thereon so as to 
allow the contact to be later correctly oriented into an optical fiber 
25 connector. 

A prefeixed optical fiber connector is illustrated in FIG 3 the 
connector 31 including a substantially cylindrical hollow body 
having first and second keying slots 32, 33 formed on opposite 
30 sides and ends of the body. The connector further includes a split 
sleeve 34 therein. 

In operation, first and second contacts as illustrated in FIG 2 
are disposed in opposite ends of the optical fiber connector 31 
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such that the keying tabs 27 thereof mate with the respective 
keying slots 32, 33, with the contacts' being held together in a 
coUinear axially aligned relationship by a resilience of the split 
sleeve 36. Preferably, means 37 for spring biasing the contact 
5 end faces against one another is also provided. Also, it is 
preferred to dispose a small amount of gel between the fiber ends 
being mated, a preferred gel comprising a relatively soft elastic 
transparent index matching material. A preferred method of 
applying such a gel to a fiber contact is disclosed in copending U.S. 
patent application serial no. 942,667, filed December 17, 1986, 
and assigned to the assignee of the present invention, thJ 
disclosure of which is incorporated herein by reference. 

According to a preferred embodiment, the ceramic contact 
body 21 is formed in a factory where precise manufacturing 
tolerances can be maintained so as to have the accurately formed 
slanted end face 22 thereon and a hollow bore therethrough for 
later accommodating an optical fiber. Such contacts can then be 
stored indefinitely by a craftsman. When an optical fiber 
connection in a network is desired, the craftsman simply takes the 
preformed connector body, longitudinally disposes an optical fiber 
through the bore of the optical fiber contact so that an end of the 
optical fiber protrudes from an end of the contact end face 22 as 
illustrated in FIG 4, and then secures the optical fiber within the 
bore of the optical fiber contact. Thereafter, the optical fiber 
contact is disposed in a tool such as that illustrated in FIG 5, and 
specifically within a substantially cylindrical receiving cavity 41 
thereof, the cavity 41 having a central longitudinal axis 42 which 
forms a predetermined angle with a normal 43 of a tool flat 
surface 44 at which the end of the cavity 41 terminates. 
Preferably, the angle between the normal 43 and the axis 42 is 
the same as the angle between the orthogonal plane 24 and a 
plane of the contact end face 22 shown in FIG 2. TTie tool is then . 
disposed against a grinding surface, such as a grinding and 
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polishing paper, and the protruding portion of the optical . fiber 
illustrated in FIG 4 is ground away until it is flush with the 
contact end face 22 and polished. Optionally, a gel is then applied 
to the fiber end as described in the copending application referred 
5 to above. 

Since the keying tab 27 of the contact 21 is disposed within 
a keying slot 45 of the material forming the cavity 41, the 
polished optical fiber end face is substantially coplanar with the 

10 contact end face 22. In addition, since the material of the contact 
body 21 is harder than that of the optical fiber, a precise shape of 
the end face 22 is not at all adversely affected by the grinding 
operation which allows a relatively unskilled craftsman to 
perform the grinding operation in a relatively uncontrolled 

15 manner quickly and yet create an optical fiber contact having an 
end face having a very accurately controlled surface 
characteristic. Accordingly, when any two such contacts are 
mated such as in a connector as illustrated in FIG 3, a minimum 
separation distance between ends of the optical fiber result which 

20 reduces transmission losses at the optical fiber connection, and yet 
results in a relatively high signal return loss due to the slanted 
orientation of the ends of the optical fiber. In contrast, with prior 
art contacts which have slanted end faces, since the grinding 
operation is required to grind the contact end face, great care is 

25 needed in the grinding operation. On the other hand, according to 
the invention, since the contact body 21 is made of a material 
harder than the optical fiber, little craft sensitivity and attention 
is needed during the grinding operation, especially when a tool 
such as that illustrated in FIG 5 is utilized. 



Though the invention has been described by reference to 
certain preferred embodiments thereof, it should be understood 
that the invention is not to be limited thereby and only by the 
appended claims. 
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1 

2 We claim: 
3 

1 1. An optical fiber contact, comprising: 



an optical fiber including a glass core surrounded by a glass 
cladding; 

an optical fiber contact having an end face which is 
substantially flat and which is inclined by several degrees 
from a plane orthogonal to a longitudinal axis of a portion of 
the fiber within the contact, the optical fiber portion being 
disposed within a longitudinal bore Within the contact, the 
contact end face being made of a material having a hardness 
greater than that of the optical fiber, an end of the optical 
fiber being substantially coplanar with the contact end face, 
the inclination being an amount sufficient to significantly 
reduce a magnitude of a back reflected signal created when 



16 the contact is mated with another optical element. 



2. The contact of claim 1, further comprising a keying tab 
disposed on an outer surface of the contact for appropriately 
orienting the contact within an optical fiber contact connector. 

3. The contact of claim 1 or 2, further comprising a relatively 
soft elastic transparent index matching material disposed in 
contact with the optical fiber end, the optical fiber end preferably 
being inclined by an angle which is between 3° and 12° from the 



5 orthogonal plane. 
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1 4. 



An optical Hber connector, comprising: 
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first and second optical fiber contacts, the contacts including 
respective first and second optical fibers each of which 
includes a glass core surrounded by a glass cladding, the 
contacts including first and second respective end faces 
which are substantially flat and which are inclined by 
several degrees from a plane orthogonal to a longitudinal 
axis of .the first and second optical fibers respectively, each 
end face being made of a material having a hardness which 
is greater than that of each optical fiber, ends of the fibers 
being substantially coplanar with their respective contact 
end face, each optical fiber being disposed within a 
longitudinal bore within its respective contact; 

means for aligning and holding the contacts such that the 
respective optical fiber ends are in an opposing confronting 
attitude. 

5. The connector of claim 4, the aligning means including first 
and second asymmetric slots, the first and second optical fiber 
contacts including first and second keying tabs disposed on- a 
respective outer surface of the first and second contacts, the first 
and second tabs being registrable with the first and second slots, 
respectively, the first and second contacts preferably having a 
substantially identical construction, the asymmetric slots 
preferably being offset by approximately 180". 

6. The connector of claim 4 or 5, further comprising means for 
spring biasing the contact end faces together, and a soft elastic 
transparent index matching material disposed in contact with the 
first and second fiber ends. 



wo 91/02994 



PCT/US90/04653 



17. A method of making an optical fiber contact, comprising the 
2 Steps of: 



forming a substantially cylindrical body so as to have a 
longitudinal bore therethrough for receiving an optical fiber 

6 having a glass core and a glass cladding, the body being 

7 made of a material having a hardness greater than that of 

8 the' optical fiber; 



9 



10 first grinding an end face of the cylindrical body so as to be 

11 substantially flat and inclined relative to a longitudinal axis 

12 X of the bore by several degrees; 



13 
14 
15 



17 



21 
1 
2 



disposing and securing the optical fiber within the bore 
subsequent to first grinding the body end face such that the 



16 fiber protrudes beyond the body end face; 



18 second grinding a protruding end of the optical fiber so as to 

19 be polished and substantially coplanar with the body end 

20 . face. 



8. The method of claim 7, the forming and first grinding steps 
being done during a controlled manufacturing process, the 

3 disposing and securing and second grinding steps being done 

4 during an optical fiber field connection procedure, the end face 

5 being inclined by an angle between 3" and 12". 



1 9. The. method of claim 7 or 8, further comprising the step of 

2 forming a keying tab on an outer surface of the body for property 

3 orienting the contact with a connector. 
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1 10. The method of claim 8, the first grinding step being done by 

2 disposing the cylindrical body in a substantially cylindrical 

3 receiving cavity formed within a grinding tool, a central 

4 longitudinal axis of the cavity being inclined by several degrees 

5 relative to a normal of a flat surface of the tool at which the cavity 

6 terminates, the optical fiber end face protruding from the body 

7 end face prior to the second grinding step, the flat surface of the 

8 tool being urged against a grinding surface so as to grind and 

9 polish the protruding optical fiber end, the tool having a keying 
10 slot registrable with a keying tab formed on the body. 
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FIG-1 

(PRIOR ART) 
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